S13-S18 LC/MS Characterization of Sulforhodamine B Azide Adducts

S19-S34 HPLC Peak Areas for in vitro EryMod6TE Reactions
S4
4-Pentynoyl-S-N-acetylcysteamine (6) 1 H NMR (400 MHz, CDCl 3 ) δ 5.78 (bs, 1H), 3 .44 (q, 2H, J = 6.0), 3.06 (t, 2H, J = 6.6), 2.81 (t, 2H, J = 7.3), 2.54 (dt, 2H, J = 7.2 and 2.6), 1.99 (t, 1H, J = 2.6), 1.96 (s,  3H) 6-Heptynoyl-S-N-acetylcysteamine (7) 1 H NMR (400 MHz, CDCl 3 ) δ 5.80 (bs, 1H), 3 .43 (q, 2H, J = 6.1), 3 .03 (t, 2H, J = 6.6), 2.61 (t, 2H, J = 7.3), 2.21 (dt, 2H, J = 7.1, 2.7), 1.97 (s, 3H), 1.96 (t, 1H, J = 2.7), 1.79 (m, 2H, J = 7.6), 1.60-1.53 (m, 2H, J = 7.1) 4-Pentynoyl-S-ethanethiol (8) 1 H NMR (400 MHz, CDCl 3 ) δ 2.90 (q, 2H, J = 7.4), 2.77 (t, 2H, J = 7.2), 2.53 (dt, 2H, J = 6.8 and 2.6), 1.98 (t, 1H, J = 2.6), 1.25 (t, 3H, J = 7. 4) 5-Hexynoyl-S-ethanethiol (9) 1 H NMR (400 MHz, CDCl 3 ) δ 2.88 (q, 2H, J = 7.4), 2.68 (t, 2H, J = 7.2), 2.25 (dt, 2H, J = 6.9 and 2.8), 1.98 (t, 1H, J = 2.7), 1.88 (m, 2H, J = 7.8), 1.25 (t, 3H, J = 7. 4) 6-Heptynoyl-S-ethanethiol (10) 1 H NMR (400 MHz, CDCl 3 ) δ 2.87 (q, 2H, J = 7.4), 2.57 (t, 2H, J = 7.3), 2.21 (dt, 2H, J = 7.0, 2.6), 1.95 (t, 1H, J = 2.6), 1.79 (m, 2H, J = 7.8), 1.60-1.53 (m, 2H, J = 7.5), 1.25 (t, 3H, J = 7.4)
Synthesis of 15
To a round-bottom flask charged with a stir bar and 2 (50 µL, 0.37 mmol, 2.0 eq) under an atmosphere of argon was added anhydrous tetrahydrofuran (THF; 1 mL) and magnesium ethoxide (21.4 mg, 0.19 mmol, 1.0 eq). To a separate round-bottom flask charged with a stir bar and 5-hexynoic acid (63 µL, 0.56 mmol, 3.0 eq) under an atmosphere of argon was added anhydrous THF (3 mL) and carbonyldiimidazole (CDI; 90.8 mg, 0.56 mmol, 3.0 eq). Reactions were stirred at room temperature. After 1 hr, the reaction generating the magnesium salt of methylmalonyl ethanethioester was concentrated in vacuo. To the residue, the solution of the acyl imidazole was added, and the reaction was stirred under argon for an additional 16 hrs. The reaction was concentrated in vacuo and resuspended in 0.1 M HCl (10 mL) and ethyl acetate (50 mL). The organic layer was washed with 0.1 M HCl (1 x 30 mL) and then with saturated sodium chloride (1 x 10 mL). The organic layer was dried over anhydrous sodium sulfate, and product was isolated in vacuo. The product was purified by dry flash column chromatography (silica, eluting with 5:95 ethyl acetate:hexanes) to afford compound 15.
(2RS)-Methyl-3-oxo-hept-6-ynoyl-S-ethanethiol (15) 1 H NMR (400 MHz, CDCl 3 ) δ 3.74 (q, 2H, J = 7.1), 2.92 (q, 2H, J = 7.4), 2.79 (m, 2H, J = 27.6), 2.22 (m, 2H), 1.94 (t, 1H, J = 2.6), 1.38 (d, 3H, J = 7.1), 1.26 (t, 3H, J = 7.4)
Synthesis of sulforhodamine B azide
Synthesis of 2-azidoethanol followed previously described method (2) . A 25 mL Schlenk flask was charged with 2-azidoethanol (17 mg, 0.19 mmol, 1.1 eq), TEA (2.6 µL, 0.19 mmol, 1.1 eq) and DCM (5 mL). The resulting solution was cooled to 0 °C and allowed to stir for 10 min. A sulforhodamine B acid chloride solution in 5 mL DCM (100 mg, 0.17 mmol, 1.0 eq) was subsequently added dropwise via syringe. The resulting solution was stirred at 0 °C for 30 min and then allowed to stir at room temperature. Upon reacting for 12 hrs, the product was isolated in vacuo to afford a metallic green residue. The product was first to elute upon purification by dry flash column chromatography (silica, eluting with 90:10 chloroform:methanol).
Engineering EryMod6TE mutant plasmids
The formation of EryMod6TE plasmid was described previously (3). Site-directed mutagenesis of EryMod6TE plasmid was performed to engineer mutant plasmids using single-step mutagenesis protocol outlined by Liu and coworkers with the following primers (italics depicts overlapping region and alanine residue is underlined) (4):
PCR reaction conditions to engineer ΔKS, ΔAT and ΔTE plasmids was performed using the following conditions (50 mL total volume reactions): 1X Phusion GC buffer, 5 ng EryMod6TE plasmid, 1 mM each corresponding forward and reverse primers, 200 mM dNTPs, 3% v/v DMSO and 3 U Phusion DNA polymerase.
PCR reaction conditions to engineer ΔKS+AT plasmid was performed using the following conditions (50 mL total volume reactions): 1X Phusion GC buffer, 5 ng ΔAT plasmid, 1 mM each ΔKS forward and reverse primers, 200 mM dNTPs, 3% v/v DMSO and 3 U Phusion DNA polymerase.
PCR reaction conditions to engineer ΔKS+TE plasmid was performed using the following conditions (50 mL total volume reactions): 1X Phusion GC buffer, 5 ng ΔTE plasmid, 1uM each ΔKS forward and reverse primers, 200 mM dNTPs, 3% v/v DMSO and 3 U Phusion DNA polymerase.
PCR reaction conditions to engineer ΔAT+TE plasmid was performed using the following conditions (50 mL total volume reactions): 1X Phusion GC buffer, 5 ng ΔTE plasmid, 1 mM each ΔAT forward and reverse primers, 200 mM dNTPs, 3% v/v DMSO and 3 U Phusion DNA polymerase.
Protein expression, dialysis, and purification
EryMod6TE expression plasmids were transformed into E. coli K207-3 cells (5), while the glucose dehydrogenase (GDH) and the EryTE expression plasmids were each transformed into E. coli BL21(DE3) cells (6) . Starter cultures (60 mL) were grown overnight and used to inoculate Luria broth supplemented with 50 mg/L kanamycin (6 L, 37 °C). Cultures were cooled to 15 °C after cells reached OD 600 = 0.4, and protein expression was induced (0.5 mM IPTG). After 16 hrs, cells were harvested by centrifugation (4,500 x g, 10 min) and resuspended in 40 mL lysis buffer (0.5 M NaCl, 30 mM HEPES pH 7.5). Cells were lysed via sonication, and cellular debris was removed (centrifugation at 30,000 x g, 60 min). EryMod6TE and GDH lysates were dialyzed against 1 L lysis buffer at 4 °C. After 4 hrs, the buffer was exchanged with 1 L fresh lysis buffer, and allowed to dialyze for an additional 16 hrs. Lysates were centrifuged (4,000 x g, 10 min), flash-frozen, and stored at -80 °C until further use. EryTE was further purified for TE-mediated hydrolysis experiments by passing the cell lysate over a nickel-NTA column equilibrated with lysis buffer. The column was washed with lysis buffer containing 15 mM imidazole (25 mL) and protein was eluted with lysis buffer containing 150 mM imidazole (5 mL).
Conditions for EryMod6TE reactions
The following stock solutions were prepared: 1.5 M Tris-HCl pH 7.5, 5 M NaCl, 3 M glucose, 100 mM NADP + , 0.5 M 1 and 2 in DMSO, and 0.1 M 3, 6-10 in DMSO. Tris-HCl pH 7.5 (150 mM), NaCl (100 mM), glucose (500 mM), NADP + (10 mM), extender unit 1 or 2 (5 mM), priming unit 3 or 6-10 (2.5 mM), pure DMSO (5% v/v), water, dialyzed GDH lysate (10% v/v), and dialyzed EryMod6TE lysate (25% v/v) were combined in a microcentrifuge tube (200 mL reaction volume). After addition of each dialyzed enzyme lysate, reactions were gently mixed by pipetting and then centrifuged (3000 x g, 5 sec). Reactions were incubated at 23 °C for 16 hrs before being subjected to CuAAC with sulforhodamine B azide. Negative control reactions contained all substrates except for EryMod6TE dialyzed lysate. Reactions were performed in duplicate.
Preparative in vitro synthesis of reduced diketide 5
Tris-HCl pH 7.5 (150 mM), NaCl (100 mM), glucose (500 mM), NADP + (10 mM), extender unit 2 (5 mM), priming unit 3 (2.5 mM), pure DMSO (total 5% v/v), water, dialyzed GDH lysate (10% v/v), and dialyzed EryMod6TE lysate (25% v/v) were combined in a conical tube in a total volume of 25 mL. After the addition of each dialyzed lysate, reactions were gently mixed by pipetting and then centrifuged (3000 x g, 5 sec). After 16 hrs, the reaction was washed using diethyl ether (1 x 50 mL). The aqueous layer was then acidified using 12 N HCl (2 mL) and products were extracted with ethyl acetate (3 x 150 mL). The organic layer was dried over sodium sulfate and concentrated in vacuo. Diketide 5 was purified by dry S6 flash column chromatography (silica, eluting with 10:89:1 ethyl acetate:hexanes:acetic acid) and characterized by 1 H NMR.
Phosphate-containing reaction conditions
Tris-HCl pH 7.5 (150 mM), NaCl (100 mM), extender unit 2 (5 mM), priming unit 3 (2.5 mM), pure DMSO (total 5% v/v), Na 2 HPO 4 pH 7 (0, 10, 50 or 100 mM), water, dialyzed GDH lysate (10% v/v) and dialyzed EryMod6TE lysate (25% v/v) were combined in a microcentrifuge tube (200 mL total volume). After addition of each dialyzed lysate, reactions were gently mixed by pipetting and then centrifuged (3000 x g, 5 sec). Reactions were incubated at 23 °C for 16 hrs before being subjected to CuAAC with sulforhodamine B azide. Negative control reactions contained all substrates except for EryMod6TE dialyzed lysate. Reactions were performed in duplicate.
Glycerol-containing reaction condition
Reactions were prepared as described in "Conditions for EryMod6TE reactions" except for the use of 10% v/v glycerol and EryMod6TE knockouts (25% v/v; ∆KS, ∆AT, ∆TE, ∆KS+AT, ∆KS+TE, and ∆AT+TE). In the experiment with purified EryTE, Tris-HCl pH 7.5 (150 mM), NaCl (100 mM), priming unit 3 (2.5 mM), glycerol (10% v/v), water, and nickel-purified EryTE (25% v/v) were added to a microcentrifuge tube (200 mL total volume). Reactions were incubated at 23 °C for 16 hrs before being subjected to CuAAC with sulforhodamine B azide.
CuAAC reaction conditions
The following stock solutions were prepared: 10 mM sulforhodamine B azide in DMSO, 1 M sodium ascorbate, and 0.5 M copper(II) sulfate.
DMSO (50% v/v), sulforhodamine B azide (1 mM), EryMod6TE reaction (0.75 mM), and sodium ascorbate (40 mM) were combined (48 mL total volume) in a microcentrifuge tube. Reactions were vortexed and centrifuged (3000 x g, 5 sec). Copper(II) sulfate (20 mM) was then added and immediately vortexed for 3 seconds to initiate the click reaction. Samples were incubated at 23°C for 1 hr and stored at -80 °C until further use.
HPLC and fluorescence detection
Reactions subjected to CuAAC were centrifuged to remove debris (20,000 x g, 2 min). Samples (20 mL) were analyzed using a Waters Symmetry C18 3.5 µm 4.6 x 75 mm column on a Beckman Coulter System Gold 126 Solvent Module equipped with a Jasco FP-2020 Plus Intelligent Fluorescence Detector (λ ex = 565 nm, λ em = 586 nm). The mobile phases consisted of degassed, deionized water + 0.1% TFA (solvent A) and degassed acetonitrile + 0.1% TFA (solvent B). A linear gradient (flow rate = 1 mL/min) of 75% to 55% B over 40 min followed by 10 min at 100% B was used to analyze reactions. Data was analyzed using 32 Karat Software.
LC/MS analysis
Whole reactions or compounds collected from HPLC runs were subjected to positive-ESI LC/MS (Agilent Technologies 1200 Series HPLC with a Gemini C18 column coupled to an Agilent Technologies 6130 quadrupole mass spectrometer). Mobile phases consisted of water containing 0.1% formic acid (solvent A) and acetonitrile containing 0.1% formic acid (solvent B). A linear gradient (flow rate = 0.7 mL/min) of 5%-95% B over 12 min was used.
High-Resolution Mass Spectrometry
All samples were subject to positive electrospray ionization and masses were characterized on an Agilent 630 Accurate Mass Q-Tof LC/MS. 
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Phosphate increases substrate turnover
Increased turnover numbers for triketide lactone formation by the bimodular DEBS1+TE (the first polypeptide of the erythromycin PKS fused to EryTE) were observed with increases in phosphate concentration (Pieper 1996) . To determine whether phosphate has a similar effect on single-module constructs, EryMod6TE was incubated with 0-100 mM phosphate, priming unit 3, extender unit 2, and the NADPH regeneration system ( Figure S1A ). After 2 and 16 hrs, reactions were subjected to CuAAC with sulforhodamine B azide and analyzed by HPLC (Figure S1B-C) .
After 2 hrs, 20% of 3 was converted to 5 in the absence of phosphate, while 31% had been converted in the presence of 100 mM phosphate ( Figure S1B ). After 2 hrs, 43% of 3 remained unreacted in the absence of phosphate, whereas only 20% remained unreacted in the presence of 100 mM phosphate. After 16 hrs, no 3 remained and no precipitate was observed in reactions containing at least 50 mM phosphate ( Figure S1 ). 
TE-catalyzed glycerolysis
Previously, glycerol has been used to prevent precipitation of EryMod6TE in dialyzed lysate (Hughes 2012 and Harper 2012) ; however, HPLC analysis of EryMod6TE-catalyzed reactions in the presence of glycerol yielded a large, unanticipated peak (21*, Figure S2B) . 1 H NMR analysis confirmed that this peak resulted from priming unit glycerolysis. A panel of single and double knockout mutants of EryMod6TE was assayed for the ability to generate 21 (∆KS, ∆AT, ∆TE, ∆KS+AT, ∆KS+TE, and ∆AT+TE; catalytic nucleophiles replaced by alanines). Through these experiments, TE activity was linked to the generation of 21 (Figure S2C ). TE-catalyzed glycerolysis was confirmed when 21* was observed from the incubation of purified EryTE with 3 in a glycerol-containing buffer ( Figure S2D) . 1 
